The melt-spun ribbons of Didymium 12 5 Fe 68 Co 10 Nb 1 V 1 Tb 0 5 B 7 prepared at a wheel velocity of 17.5 m/s were crystallized by heat treatment. The optimum heat treatment condition was found to be at 600 C for 5 min. The values of (BH) max and H cJ amount to 103.6 kJ/m 3 and 1628.0 kA/m, respectively. The temperature coefficients of J r and H cJ for the crystallized ribbons were (J r ) ave = 0 03% C (reversible) and (H cJ ) = 0 37% C (irreversible) for the temperature range 25 to 125 C. The compression molded Didymium 12 5 Fe 68 Co 10 Nb 1 V 1 Tb 0 5 B 7 isotropic bonded magnet, prepared by using the ribbons annealed at 600 C for 5 min, achieve the (BH) max of 66.2 kJ/m 3 . The density amounts to 6.32 Mg/m 3 . At 150 C, irreversible losses of 2 5% result.
I. INTRODUCTION

M
ELT-SPUN ribbons of Rare-Earth-Iron-Boron system alloy have been used widely as materials for high-performance isotropic bonded magnets, and various studies on high-quality Nd(Pr)-Fe-B system rapid quenched ribbons have been reported [1] - [6] . Recently, the demand for magnetic material with the good temperature characteristics is increasing with the miniaturization and the high-performance of various motors. Previously, we have reported about Didymium-Fe-Co-V-B system, Didymium-Fe-Co-Nb-B system, and Didymium-Fe-Co-Nb-V-B system magnets, and the heat-resisting properties of those magnets were good [3] , [5] , [6] . For the development of the magnetic material with the better temperature stability, this experiment was carried out to investigate the effects of Tb substitution for Fe in melt-spun ribbons of Didymium-Fe-Co-Nb-V-Tb-B system alloy as the preparation condition on the magnetic properties and the thermal stability. The magnetic properties of the compression molded Didymium-Fe-Co-Nb-V-Tb-B isotropic bonded magnets prepared by using the optimum composition ribbons were examined.
II. EXPERIMENTAL PROCEDURE
The raw materials used in this experiment are Didymium-Fe alloy, Fe, Co, Nb, V, Tb, and metalloid B. The chemical analysis of the Didymium-Fe alloy contains 66.7 wt% Nd, 19.1 wt% Pr, 14.1 wt% Fe, and the others. The molecular weight of Didymium was determined to be 143. as 12.5 at%, 1.0 at%, and 1.0 at%, respectively, by the previous reports [5] , [6] . The master alloys of these composition were prepared in a rod shape by a vacuum-suction method after melting using a high-frequency induction furnace in an Ar gas atmosphere. The melt-spun ribbons were prepared by using the single roller rapid quenching method. The substrate surface velocity was varied between 15.0 and 20.0 m/s, and the roller-diameter was 0.3 m. The amorphous ribbons were annealed at various temperatures between 575 and 650 C and annealing times between 0-15 min (0 min: After samples were heated up until the annealing temperature, they were rapidly quenched. The compression molding isotropic bonded magnets were made by using melt-spun Didymium-Fe-Co-Nb-V-Tb-B powder crushed under 150 m (using 2.5 wt% epoxy resin as a binder). After magnetization by a pulsed field of 4.8 MA/m, the magnetic properties of ribbons, Curie temperature, and temperature coefficient of and for ribbons were measured by a vibrating sample magnetometer (VSM). The crystallization temperature of as-quenched ribbons was measured by a DTA device. The crystal structure was examined by the X-ray diffraction method on the powder samples with Cu-K radiation. The microstructure of ribbons was observed by a transmission electron microscopy (TEM). The magnetic properties of isotropic compression molding bonded magnet were measured by a high-sensitivity recording flux meter after magnetization by a pulsed field of 4.8 MA/m. The temperature dependencies of irreversible losses for isotropic compression molding bonded magnets were measured by a digital flux meter after magnetization by a pulsed field of 4.8 MA/m. increasing value. From the effect of B substitution, the value of increased with increasing the value, and the values of and BH decreased with increasing value. As the aim of this experiment is what makes the magnetic material with the good thermal stability, the amount of Tb and B were decided to be 0.5 at.% and 7.0 at%, considering the composition with high coercivity.
Next, the effect of the wheel velocity on magnetic properties of melt-spun Didymium Fe Co Nb V Tb B alloy ribbons annealed at 600 C for 5 min was examined. The wheel velocity was varied between 15.0 and 20.0 m/s. As the result, the values of BH and were obtained with each maximum value at 17.5 m/s. So, it was found that the optimum wheel velocity was 17.5 m/s in this experiment. Fig. 2 shows the effect of annealing temperature on the magnetic properties of melt-spun Didymium Fe Co Nb V Tb B ribbons. In this treatment, the samples were heated up until the annealing temperature, and then, they were held for 5 min. From this figure, it was found that the values of BH and increased with increasing the annealing temperature from 575 to 600 C, and then decreased, while the value of H increased with increasing the annealing temperature, and H was approximately the same value. Considering the bonded magnets preparation, the optimum annealing temperature was decided to be 600 C from the values of BH and . Next, the effect of various annealing time on the magnetic properties of melt-spun Didymium Fe Co Nb V Tb B ribbons was examined. The annealing time was varied between 0 and 15 min. As the result, the values of BH and J were obtained with each maximum value at 5 min, and the value of was approximately the same value. So, the optimum annealing time was decided for 5 min in this experiment.
From the above results, the optimum preparation conditions were decided as follows: composition: Didymium Fe Co Nb V Tb B ; wheel velocity: 17.5 m/s; annealing condition: 600 C for 5 min. Fig. 3 shows the TEM micrograph and the electron diffraction pattern of melt-spun Didymium Fe Co Nb V Tb B ribbon annealed at 600 C for 5 min. About 200 particles were examined. So, it was found that the crystal particle size ranged from 20 to 65 nm, and the average particle size was about 43 nm. Also, fine grains are randomly distributed from a spotty ring of electron diffraction, so this sample was the isotropic one. Fig. 4 shows the temperature dependencies of and of melt-spun Didymium Fe Co Nb V Tb B ribbon annealed at 600 C for 5 min. The temperature coefficient of was % C (reversible). The curve of corresponds to the irreversible one. The temperature coefficient of in the range from 25 to 125 C obtained by a linear extrapolation was % C, and these values were smaller than that of Didymium-Fe-Co-Nb-V-B system ally ribbon (the temperature coefficient of Didymium-Fe-Co-Nb-V-B system ally ribbon was % C and % C [6] . 
IV. CONCLUSION
These examinations were carried out in order to investigate the effects of Tb substitution for Fe in melt-spun ribbons of Didymium-Fe-Co-Nb-V-Tb-B system alloys on the magnetic properties and the thermal stability. As a result, melt-spun Didymium Fe Co Nb V Tb B ribbons with high coercivities were obtained. Also, typical magnetic properties of ribbon were T, kA/m, kA/m, and BH kJ/m . In addition, the temperature coefficients of and for these ribbons were % C (reversible) and % C (irreversible), respectively. The value of BH for the isotropic bonded magnet prepared by using these ribbons was 66.2 kJ/m , and the irreversible loss of Didymium Fe Co Nb V Tb B bonded magnet was % at 150 C. These bonded magnets showed excellent thermal stability.
